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ELECTROCARDIOGRAPHY AND PROGNOSIS
I. SIGNIFICANT T WAVE NEGATIVITY IN ISOLATED AND
COMBINED DERIVATIONS CF THE ELECTROCARDIOGRAM
FREDRICK A. WILLIUS, M.D.
ROCHESTER, MINN.
Electrocardiography has been accorded distinction as a valuable
diagnostic adjunct, but as yet relatively little attention has been given
to its prognostic value. I have been especially interested in the study
of abnormal electrocardiograms with special reference to clinical types
of heart disease and the significance of these graphic changes with
regard to life expectancy. In the analysis of large groups of cases
of heart disease one is impressed with the frequent occurrence of
certain graphic abnormalities in definite clinical types of cardiopathies.
Such cases invariably present unmistakable objective evidence of high
grade myocardial disease. I am referring particularly to significant
T wave negativity, to aberration of the QRS complex in all deriva-
tions of the electrocardiogram, and to the coexistence of these abnor-
malities. From the standpoint of prognosis, these changes constitute
three well defined groups.
A very obvious fact that is brought to the attention of those who
correlate large clinical and electrocardiographic data is the inability
to foretell the presence or absence of these graphic changes in similarly
damaged hearts.
Electrocardiography was introduced in the Mayo Clinic in 1914
and careful detailed records have been maintained of all patients
examined electrocardiographically. The cases are grouped and sub-
grouped according to clinical and electrocardiographic types, and an
automatic follow-up system of patients has been established. It is
thus possible to obtain accurate mortality statistics and definitely to
establish the length of life from the time of, examination, and in some
instances, from the onset of cardiac symptoms.
In a previous article 1 I discussed  wave negativity, its occurrence
in certain isolated and combined derivations of the electrocardiogram,
its occurrence in clinical types of heart disease, and the prognostic
significance of certain graphic arrangements. All cases were included
regardless of the association of other graphic abnormalities, particularly
aberration of the QRS complex affecting all derivations.
From Division of Medicine, Mayo Clinic.
1. Willius, F. A.: Observations on Negativity of the Final Ventricular T
Wave of the Electrocardiogram, Am. J. M. Sc. 160:844, 1920.
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It is my intention in this study to construct three distinct groups,
namely : significant  wave negativity in isolated and combined
derivations, aberration of the QRS complex in all derivations, and
significant  wave negativity associated with aberration of the QRS
complex in all derivations.
I have called attention to two pertinent facts regarding  wave
negativity, that it never occurs alone in Derivation II nor in combined
Derivations I and III, and that its occurrence alone in Derivation III
has no prognostic significance, since it occurs often in normal hearts
and may be an inconstant phenomenon.
In speaking of significant  wave negativity, I refer to the graphic
arrangements, such as occurring (1) alone in Derivation I, (2) in
combined Derivations I and II, (3) in combined Derivations II and III,
and (4) in combined Derivations I, II, and III.
Patients who have had digitalis within six weeks of the time of
examination have not been included, as  wave negativity may be the
result of digitalis.
In this and subsequent studies the cases have been grouped according
to clinical types. Control groups have been compiled for every group
in this and subsequent studies. I wish clearly to define the control series
to obviate any misunderstanding. In this study and in the following
studies no control case is repeated. The control cases agree case for
case in decade occurrence, clinical type, degree of decompensation and
sex as far as possible. All the control patients had electrocardiographic
study and the graphic criteria were absence of significant  wave
negativity and absence of aberration of the QRS complex in all
derivations. Follow-up letters were not sent until both groups were
compiled.
Study 1 comprises 449 cases and covers a period of five and one-half
years. Patients are included who were examined at the Mayo Clinic
up to Jan. 1, 1920. It was deemed unwise to include patients of the
last two years.
The graphic arrangement of significant  wave negativity in order
of frequency was (1) in combined Derivations II and III, 189 cases(42.1 per cent.) ; (2) alone in Derivation I, 146 cases (32.5 per
cent.) ; (3) in combined Derivations I and II, sixty-three cases (14.0
per cent.), and (4) in combined Derivations I, II, and III, fifty-one
cases (11.4 per cent.).
 WAVE NEGATIVITY ALONE IN DERIVATION I (146 CASES)
A. Clinical Types of Heart Disease.—The myocardial degeneration
associated with hypertension occurred with greatest frequency in fifty-
one cases (34.9 per cent.). In order of frequency the other clinical
types of heart disease were angina pectoris, twenty-six cases (17.7 per
cent.) ; chronic myocarditis and chronic endocardial valvular disease
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with aortic régurgitation each twenty-one cases (14.3 per cent.);
chronic endocardial valvular disease with mitral régurgitation, eleven
cases (7.5 per cent.) ; myocardial degeneration associated with arterio¬
sclerosis, five cases (3.4 per cent.) ; chronic endocardial valvular disease
with aortic stenosis, four cases (2.7 per cent.) ; myocardial degeneration
associated with exophthalmic goiter and adenoma with hyperthyroidism,
each three cases (2 per cent.), and finally, chronic endocardial valvular
disease with mitral régurgitation and stenosis, one case (0.7 per cent.).
The occurrence of  wave negativity and dominance in certain
clinical types of cardiac involvement will be discussed elsewhere in
this paper.
B. Cardiac Mortality.—The subgrouping of clinical types of heart
disease in this study results in some groups which are too small for
comprehensive and reliable statistical conclusions yet are presented
not only for their interest but for the purpose of maintaining continuity
in the presentation of data. It is interesting to note, however, that
the mortality averages of the smaller groups in general are confirmed
by the average of the complete group.
Information regarding 115 patients has been received (Table 1).
Seventy-three (63.4 per cent.) have succumbed to heart disease in
an average of eight and one-half months. Thirty-nine (33.9 per cent.)
patients are living. Nine reported their conditions improved, eighteen
unchanged, and twelve worse.
In striking contrast to these data are the results in the control series(Table 2). Ninty-three patients have been heard from. Twenty-six(26.8 per cent.) have died of heart disease in an average of two and
four-tenths years; sixty (64.5 per cent.) are living; nineteen are
improved ; twenty-eight are unchanged, and thirteen are worse. The
difference in mortality rate is so marked and the difference in average
length of life so definite that further comment is hardly necessary.
 wave negativity in combined derivations i and ii
(sixty-three cases)
A. Clinical Types of Heart Disease.—In this group, as in the fore¬
going, the myocardial degenerations associated with hypertension domi¬
nated—twenty-three cases (36.5 per cent.). The other clinical types of
heart disease in order of frequency were chronic myocarditis, eleven
cases (17.5 per cent.) ; angina pectoris, nine cases (14.3 per cent.) ;
chronic endocardial valvular disease with aortic régurgitation, seven
cases (11.1 per cent.) ; chronic endocardial valvular disease with mitral
régurgitation, five cases (7.9 per cent.) ; myocardial degeneration
associated with arteriosclerosis, four cases (6.3 per cent) ; myocardial
degeneration associated with adenoma with hyperthyroidism, three cases
(4.8 per cent.), and myocardial degeneration associated with exoph¬
thalmic goiter one case (1.6 per cent.).
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 . Cardiac Mortality.—Forty-nine patients having  wave nega¬
tivity in combined Derivations I and II of their electrocardiograms have
been heard from and thirty-two (65.3 per cent.) have died of heart
disease in an average of twelve and seven-tenths months. Seventeen(34.6 per cent.) are living. Four report their condition improved,
eight unchanged, and five worse (Table 1).
In the control series of forty patients heard from, seven (17.5 per
cent.) of the deaths occurred from heart disease and of the twenty-nine
living patients (72.5 per cent.) thirteen are improved; eleven
unchanged, and five worse (Table 2). Here, again, is observed a very
striking difference in the mortality rates of the primary and the
control series.
 WAVE NEGATIVITY IN COMBINED DERIVATIONS II AND III
(189 CASES)
A. Clinical Types of Heart Disease.— wave negativity in combined
Derivations II and III occurred with greatest frequency in chronic
myocarditis, forty-six cases (24.3 per cent.). The other clinical types
of heart disease, in order of frequency, were myocardial degeneration
associated with exophthalmic goiter, thirty-seven cases (19.6 per cent.) ;
chronic endocardial valvular disease with mitral régurgitation, twenty-
four cases (12.7 per cent.) ; myocardial degeneration associated with
hypertension, twenty-two cases (11.6 per cent.) ; angina pectoris, sixteen
cases (8.5 per cent.) ; chronic endocardial valvular disease with aortic
régurgitation, eleven cases (5.8 per cent.) ; myocardial degeneration
associated with adenoma with hyperthyroidism, ten cases (5.3 per
cent.) ; chronic endocardial valvular disease with mitral stenosis, nine
cases (4.8 per cent.) ; chronic endocardial valvular disease with mitral
stenosis and régurgitation, five cases (2.6 per cent.) ; myocardial degen¬
eration associated with arteriosclerosis and congenital heart disease
each three cases (1.6 per cent.) ; syphilitic aortitis, two cases (1.1 per
cent.), and chronic endocardial valvular disease with aortic stenosis,
one case (0.5 per cent.).
B. Cardiac Mortality.—One hundred forty-nine patients in this
group have been heard from, and forty-eight (32.2 per cent.) have
succumbed to heart disease in an average of eleven months. Ninety-two
(61.7 per cent.) are living and thirty-three report themselves improved,
thirty-nine are unchanged, and twenty are worse (Table 1).
In the control series information regarding 110 patients has been
received. Twenty-two (20 per cent.) have died of heart disease in
an average of one and one-half years (Table 2).
 wave negativity in combined Derivations II and III is not attended
by as high a cardiac mortality as are the other groups, an observation
made in my previous study.
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TABLE 1—Cardiac Mortality with Significant  Wave Negativity
Clinical Classification
 wave Negativity in
Derivation  
Hypertension.
< Tironic myocarditis.Arteriosclerosis.
Angini pectoris.
Exophthalmic goiter.
Adenoma with hyperthyroid¬
is .
Mitral régurgitation.
Double mitral lesion.
Aortic régurgitation.
Aortic stenosis.
Total.
Average_
 wave Negativity in Com¬
bined Derivations I and II
Hypertension.
Chronic myocarditis.,
Arteriosclerosis.
Angina pectoris.
Kxophthalmic goiter.
Adenoma with hyperthyroid¬
is .,
Mitral régurgitation.
Aortic régurgitation.
Sex
  
51
21
3
11
1
4
43
19
4
15
2
1
6
1
18
146 113 112 34
Total....
Average.,
 wave Negativity in Com¬
bined Derivations II and III
Hypertension.
Chronic myocarditis.
Arteriosclerosis.
Angina pectoris.
Kxophthalmic goiter.
Adenoma with hyperthyroid¬
is .
Mitral régurgitation.
Mitral stenosis.
Double mitral lesion.
Aortic régurgitation.
Aortic stenosis.
Syphilitic aortitis.
Congenital heart disease.
Total. 189
Average.
 wave Negativity in Com¬
bined Derivations I, II, and III
Hypertension. 14Chronic myocarditis. 8
Arteriosclerosis.| 1
Angina pectoris. 7
Exophthalmic goiter. 2
Adenoma with hyperthyroid¬
is . 2
Mitral régurgitation. 5
Aortic régurgitation. 9
Double aortic lesion. "2
Congenital heart disease. 1
Total....
Average..
Grand total.! 449
Grand average.
20
9
18
11
6
1
e
 
L6
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1
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51 ¿
69.7
52.6
50.0
50.0
100.0
66.6
100.0
66.6
100.0
16 80.0
2 22.2
3 100.0
50.0
100.0
66.6
10.5
6.8
S.o
11.5
4.5
1
10.0 2
7.0
..
10 0
10.9
2.5
5.5
30 0
9.0
19.8
....
17
12.7 !
..
12 2
4 4
1 ¡
..
6 1
2
..
62.5
20.0
50.0
14.5
20.0
0.75
10.7 16.6
57.8
16.6
600
22.2
9.8
1.0
 ß.ß
9
,
48
32.2
11.5
 24.li
39.1
2.0
8.0
9.5
1 day
27.9
42.1
50.0
50.0
ÌOO.O
33.3
20 0
77.7
50.0ÌOO.O
37.:.
77.1
50.0
3!.3
1C0.0
31.5
66.6
:o.o
666
100 0
100.0
1C0.0
2 4
1 1
2 6
1 166
2 1C0.0
1 100.0
1 25.0
3 50.0
12.7
160
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TABLE 2.—Control Series
Clinical Classification
sa
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Sex
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Patients Living
 wave Negativity in
Derivation I
Hypertension.
Chronic myocarditis.
Arteriosclerosis.
Angina pectoris.
Exophthalmic goiter.
Adenoma with hyperthyroid¬
is .
Mitral régurgitation.
Double mitral lesion.
Aortic régurgitation.
Aortic stenosis.
Total....
Average..
 wave Negativity in Com¬bined Derivations I and II
Hypertension.
Chronic myocarditis.
Arteriosclerosis.
Angina pectoris.
Exophthalmic goiter.
Adenoma with hyperthyroid¬
is .
Mitral régurgitation.
Aortic régurgitation.
31.4
28.0
2O.0
S3.3
50.0
14.3
31.2
?
42.0
93 SI
36.8 28.8
Total_
Average..
23
11
4
 wave Negativity in Com¬
bined Derivations II and III
Hypertension.
Chronic myocarditis.
Arteriosclerosis.
Angina pectoris.
Exophthalmic goiter.
Adenoma with hyperthyroid¬
is .
Mitral régurgitation.
Mitral stenosis.
Double mitral lesion.
Aortic régurgitation.
Aortic stenosis.
Syphilitic aortitis.Congenital heart disease.
Total.
Average...
 wave Negativity in Com¬
bined Derivations I, II, and IIIHypertension.
Chronic myocarditis.
Arteriosclerosis.
Angina pectoris.
Exophthalmic goiter.
Adenoma with hyperthyroid¬
is .
Mitral régurgitation.
Aortic régurgitation.
Double aortic lesion.
Congenital heart disease.
Total_
Average..
189
40
11
29
1
10
24
li
14
5
40
110
15.3
25.0
25.0
25.0
25.0
30.0
7.0
02.8
71.0
100 0
63.6
100.0
100.0
60.0
   
61.5
75.0
75.0
80.0
100.0
75.0
75.0
363
17.2
50.0
40 0
50.0
25.0
9.7
20.4
15 8
9.5
22.0
36.0
20.0
10.0
50.0
28.5
42.0
13.0
20.5
2!,
63.6
75.8
'fio
95.8
100.0
35.7
600
50.0
750
ioo'.ó
100.0
82
74.5
100.0
66.6
100.0
100.0
666
6\1
100.0
1000
36
71.7
10
33
Grand totai.
Grand average..
449 282 237 20
19.2 70.5
78
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 wave negativity in combined derivations i, ii, and iii
(fifty-one cases)
A. Clinical Types of Heart Disease.—Myocardial degeneration asso¬
ciated with hypertension as in the first two groups dominates the clinical
types of heart disease in  wave negativity in combined Derivations
I, II and III. The other types in order of frequency were chronic
endocardial valvular disease with aortic régurgitation, nine cases (17.6
per cent.); chronic myocarditis, eight cases (15.7 per cent.); angina
pectoris, seven cases (13.7 per cent.) ; chronic endocardial valvular
disease with mitral régurgitation, five cases (9.8 per cent.) ; myocardial
degeneration associated with exophthalmic goiter, adenoma with hyper¬
thyroidism and chornic endocardial valvular disease with aortic régurgi¬
tation, and stenosis, each two cases (3.9 per cent.) ; and finally,
myocardial degeneration associated with arteriosclerosis and congenital
heart disease, each one case (2 per cent).
B. Cardiac Mortality.—Forty patients have been traced and twenty-
five (62.5 per cent.) have died of heart disease in an average of twelve
and seven-tenths months. Twelve patients (30 per cent.) are living;
two are improved, seven are unchanged, and three are worse.
In the control series thirty-nine patients have been heard from and
eight (20.5 per cent.) have died of heart disease. Twenty-eight (71.7
per cent.) are living, ten are improved, seventeen are unchanged, and
one patient is worse. This, again, is an instance of marked difference
in cardiac mortality.
It is interesting to note how constant the cardiac mortality in the
control series runs.
DISCUSSION
There can be no question with regard to the prognostic importance
of significant  wave negativity. As I have said, the effect of digitalis
must always be borne in mind and such cases of  wave negativity
are inconstant and obviously do not fall in the category of the types
under discussion. One is impressed with the constant association of
significant  wave negativity and clinical evidence of serious cardiac
disease.
I wish to call attention again to Table 1 and to the description of
clinical types of heart disease which clearly depicts the dominance of
conditions of the degenerative type. Foremost among them is the
hypertension group, notorious for its attendant vascular degeneration.
Chronic myocarditis extensively involving the musculature of the heart
unquestionably affects the vascular elements of the organ. Likewise
angina pectoris is constantly associated with vascular disease. Aortic
régurgitation with its usual attendant aortitis has also a definite
vascular basis.
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Significant  wave negativity in all probability occurs in hearts
involved by intrinsic vascular degeneration of the obliterative type. All
our evidence at the present time suggests this theme and is based on
clinical, pathologic, and experimental study. The high and early cardiac
mortality rate attending significant  wave negativity implies a pro¬
gressive disease process and further supports the foregoing concept.
Cardiac histopathology has failed miserably in attempting to explain
and to clarify diseases of the myocardium. Conclusions have been based
entirely on the presence or absence of actual tissue changes and no
attention has been given to physiologic abnormalities. Only a few years
ago a controversy arose regarding the causation of a certain electro¬
cardiographic condition, and the arguments pro and con were based
entirely on the presence or absence of gross and microscopic myo¬
cardial changes. One observer, by means of serial sections, demon¬
strated constant lesions in the heart muscle attending his bizarre graphs,
and the other, by the same means, failed to find the tissue changes.
Both sides of this controversy were seeking for the effect and not for
the cause of the graphic anomalies, and we have many reasons to
believe that a careful study of the vascular tree of the heart would
have resulted in agreement. The presence of actual changes in the
myocardium certainly is not necessarily a constant finding even though
intrinsic vascular disease exists. With this concept in mind it is obvious
that physiologic disturbances may often precede histopathologic changes.
SUMMARY
The cardiac mortality attending significant  wave negativity is
high and is in sharp contrast to that in the control series. In order
of importance the cardiac mortality is as follows :
 wave negativity in combined Derivations I and II, 65.3 per cent, in 12.7
months. Control series, 17.5 per cent, in 10.8 months.
 wave negativity alone in Derivation I, 63.4 per cent, in 8.5 months. Con¬
trol series, 26.8 per cent, in 2.4 years.
 wave negativity in combined Derivations I, II and III, 62.5 per cent, in
12.7 months. Control series, 20.5 per cent, in 19.2 months.
 wave negativity in combined Derivations II and III, 32.2 per cent, in 11.0
months. Control series, 20.0 per cent, in 1.5 years.
Total of significant  wave negativity, 50.4 per cent, in 11.2 months. Total
of control series, 22.3 per cent, in 19.2 months.
II. ABERRATION OF THE QRS COMPLEX IN ALL DERIVATIONS
OF THE ELECTROCARDIOGRAM *
Aberrations of the QRS complex of the electrocardiogram involving
all derivations have been the subject of considerable controversy. The
variance of views has largely involved histopathologic issues. The
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observer who has often noted this electrocardiographic" abnormality and
has correlated his graphic and clinical data is impressed with the gravi ty
of the underlying cardiac disease.
In this group of cases, as in significant  wave negativity, an
obliterative intrinisic vascular basis is strongly suggested.
Aberration of the QRS complex of the electrocardiogram is char¬
acterized by notching of the apex, ascending or descending limb and
in the complex of unaltered contour, a base width exceeding 0.10 second.
The bizarre complex of high amplitude and diphasic in form is ascribed
to bundle branch block while no definite localization is justifiable in the
monophasic complex of lower amplitude.
TABLE 1.—Cardiac Mortality with Aberration of the QRS Complex
in All Derivations
Clinical Classification
Hypertension.
Chronic myocarditis.
Arteriosclerosis.
Angina pectoris.Exophthalmic goiter.
Adenoma with hyperthyroid¬
is .
Mitral régurgitation.
Double mitral lesion.
Mitral stenosis.
Aortic régurgitation.
Total.
Average.
112
Si-x
H
BG
HS53 o
ß"
SI
3
Cardiac Deaths
80.0
42.8
76.9
66.6
60.0
37.5
83.3
33.3
100.0
100.0
62.9
·"
 
<
r.
 ;
<>
Patients Living
18.3
6.6
23.6
23.1
î
7.7
12.5
15.0
7.0
î
14.2
27
20.0
52.4
23.0
33.3
40.0
50.0
66.6
33.  
15
i have previously emphasizedx the constant association of this
graphic abnormality with serious and advanced heart disease and have
shown the high and early cardiac mortality, occurring in this group.
The cases presented were associated in many instances with significant
 
wave negativity, but those cases have not been included in this report.
This study comprises 112 cases covering a period of five and one-
half years. The control series has been compiled based on the same
conditions as in the foregoing study.
A. Clinical Types of Heart Disease (112 Cases).—Chronic myo¬
carditis occurred with greatest frequency, twenty-nine cases (25.9 per
cent.). The other clinical types of heart disease in order of frequency
were the myocardial degeneration associated with hypertension, seventeen
cases (15.2 per cent.) ; myocardial degeneration associated with arterio-
1. Willius, F. A.: Arborization Block, Arch. Int. Med. 23:431 (April) 1919.
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sclerosis, fifteen cases (13.4 per cent.) ; angina pectoris, chronic endo¬
cardial valvular disease with mitral régurgitation, and aortic régurgita¬
tion, each ten cases (8.9 per cent.) ; myocardial degeneration associated
with adenoma with hyperthyroidism, nine cases (8 per cent.) ; exoph¬
thalmic goiter, seven cases (6.3 per cent.) ; chronic endocardial valvular
disease with mitral régurgitation and stenosis, three cases (2.7 per
cent.), and finally, chronic endocardial valvular disease with mitral
stenosis, two cases (1.8 per cent.). It is quite evident that degenerative
diseases also dominate this group.
B. Cardiac Mortality.—Information has been obtained regarding
eighty-one patients and fifty-one (62.9 per cent.) have died of heart
TABLE 2.—Control Series
Clinical Classification
Hypertension.Chronic myocarditis.
Arteriosclerosis.
Angina pectoris.Exophthalmic goiter.
Adenoma with hyperthyroid¬
is .
Mitral régurgitation.
Double mitral lesion.
Mitral stenosis.
Aortic regurgitaton.
Total.
Average...
65 44
O ^
Cardiac Deaths
11.1
28.5
22.2
50.0
'28.5
21.5
— a »
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S a a5« =
3.0
17.5
33.0
5.0
3.5
2 '0
13.7
Patients Living
fc
77.7
50.0
77.7
500
100.0
100.0
50.0
500
100.0
71.4
disease in an average of fourteen and two-tenths months. Twenty-
seven (33.3 per cent.) patients are living and of these, six are improved,
fifteen are unchanged, and six are worse (Table 1).
In striking relief to these averages are the results of the control
series. Sixty-five patients have been heard from, and only fourteen
(21.5 per cent.) have succumbed to heart disease in an average of
thirteen and seven-tenths months. Forty-five (69.2 per cent.) are
alive; fourteen are improved, twenty-eight are unchanged, and three
are worse (Table 2).
DISCUSSION
The great difference in cardiac mortality between cases exhibiting
aberration of the QRS complex in all derivations of the electrocardio¬
gram and identical clinical types of cardiac disease in which this graphic
abnormality does not exist is convincing. The only justifiable criticism
that is apparent to me is the reliability of the control series. In Study I,
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I have defined the criteria for all the control groups and have shown
that in all respects except an accurate sex agreement the controls were
identical case for case exclusive, of course, of the electrocardiographic
changes under discussion.
The early and high mortality is indicative of a progressive process
and, as previously stated, favors the concept of obliterative intrinsic
vascular disease.
SUMMARY
The cardiac mortality attending aberration of the QRS complex
in all derivations of the electrocardiogram practically trebles that of the
control series.
Aberrant QRS complexes in all derivations, cardiac mortality, 62.9 per
cent, in 14.2 months.
Control series, cardiac mortality, 21.3 per cent, in 13.7 months.
Note.—No attempt has been made to record a complete bibliography dealing
with aberration of the QRS complex as the pros and cons of the arguments
regarding this abnormality are already recorded in most of the previous publi¬
cations dealing with this subject.
III. SIGNIFICANT  WAVE NEGATIVITY AND ABERRATION OF THE
QRS COMPLEX IN ALL DERIVATIONS OF THE
ELECTROCARDIOGRAM
The foregoing studies have emphasized the prognostic importance
of significant  wave negativity and of aberration of the QRS complex
occurring in all derivations of the electrocardiogram. This study is of
cases in which these graphic abnormalities occurred together. With the
preceding statistics in mind it is reasonable to anticipate a greater
cardiac mortality in this study. Patients exhibiting both electrocardio¬
graphic abnormalities generally have more marked subjective and objec¬
tive evidence of cardiac damage than those in whom these graphic
changes occur separately.
One hundred and thirty-five cases are included in this study which
covers a period of five and one-half years.
The control groups are based on the criteria of those in the preceding
groups.
 WAVE NEGATIVITY ALONE IN DERIVATION I AND ABERRATION
OF THE QRS COMPLEX IN ALL DERIVATIONS
(NINETY cases)
A. Clinical Types of Heart Disease.—The myocardial degeneration
associated with hypertension occurred with greatest frequency, thirty-
five cases (38.9 per cent.). The other types in order of frequency
were chronic myocarditis, twenty-two cases (24.4 per cent.) ; chronic
endocardial valvular disease with aortic régurgitation, eight cases (8.9
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per cent.) ; angina pectoris, seven cases (7.8 per cent.) ; myocardial
degeneration associated with arteriosclerosis and chronic endocardial
valvular disease with mitral régurgitation, each five cases (5.6 per
cent.) ; adenoma with hyperthyroidism, four cases (4.4 per cent.) and
exophthalmic goiter, one case (1.1 per cent.).
B. Cardiac Mortality.—Information regarding seventy-three patients
has been received and sixty-three (86.3 per cent.) have died of heart
disease in an average of eight and four-tenths months following exami¬
nation. Seven patients (9.5 per cent.) are alive and of these two are
improved, two are unchanged, and three are worse (Table 1).
The control group sharply contrasts this mortality. Sixty patients
have been heard from and eighteen (30 per cent.) have succumbed to
heart disease in an average of twenty-one and four-tenths months
following examination. Thirty-eight (63.3 per cent.) are living and
eleven report their condition improved, twenty-two unchanged, and
five worse (Table 2).
 wave negativity in combined derivations i and ii and
aberration of the qrs complex in all derivations
(twenty-three cases)
A. Clinical Types of Heart Disease.—Myocardial degeneration asso¬
ciated with hypertension again is an outstanding condition, twelve
cases (52.2 per cent.). The other clinical types in order of frequency
are chronic myocarditis and chronic endocardial valvular disease with
aortic régurgitation each, three cases (13 per cent.) ; angina pectoris
and chronic endocardial valvular disease with mitral régurgitation each,
two cases (8.7 per cent.), and aortic aneurysm, one case (4.3 per cent.).
B. Cardiac Mortality.—Twenty patients have been traced and all
but one have died of heart disease (95 per cent.) in an average of
eight and one-half months following examination. The surviving
patient (5 per cent.) is worse (Table 1).
In the control group facts regarding sixteen patients have been
received. Three (18.7 per cent.) have died of heart disease in an
average of six and seven-tenths months following examination. Of
the nine living patients (56.2 per cent.) six are unchanged and three
are worse (Table 2).
 WAVE NEGATIVITY IN COMBINED DERIVATIONS II AND HI
AND ABERRATION OF THE QRS COMPLEX IN ALL
DERIVATIONS (SEVENTEEN CASES )
A. Clinical Types of Heart Disease.—Chronic myocarditis occurred
with greatest frequency, five cases (29.4 per cent.). The other types
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TABLE 1.—Cardiac Mortality with Significant  Wave Negativity and
Aberration of the QRS Complex in All Derivations
Clinical Classification
 wave Negativity in Deriva¬
tion I and Aberration oí
the QRS Complex in all
Derivations:
Hypertension.
Chronic myocarditis.
Arteriosclerosis.
Angina pectoris.
Exophthalmic goiter.
Adenoma with hyperthyroid¬
is .
Mitral régurgitation.Double mitral lesion.
Aortic régurgitation.
Total.
Average_
 wave Negativity in Com¬
bined Derivations I and II
and Aberration of the QRS
Complex in all Derivations:
Hypertension.
Chronic myocarditis.
Angina pectoris.
Mitral régurgitation.Aortic régurgitation.
Aortic aneurysm.
Total.
Average..
w c
Six
— c
o
-
o
«i  
a a
Cardiac Deaths
82.1
»3.7
75.0
100.0
75.0
75.0
100.0
100.0
SH
r-,
 
--.2
 «
a  
100.0
100 0
100.0
100.0
100.0
1)5.0
15.4
9.0
0.9
2.4
18.1)
12.8
1.7
5.0
11.0
12.0
Patients Living
10.7
6.2
2.3.0
 
wave Negativity in Com¬
bined Derivations II and III
and Aberration ol the QRS
Complex in all Derivations:Hypertension.
Chronic myocarditis.
Arteriosclerosis.
Angina pectoris.
Mitral régurgitation.
Double mitral lesion.
Aortic régurgitation.
Total....
Average..
 
wave Negativity in Com¬
bined Derivations I, II, and
III and Aberration of the
QRS Complex in all Deri¬
vations:
Hypertension.
Chronic myocarditis.
Angina pectoris.
Aortic régurgitation.......
Total.
Average..
100.0
40.0
10O.0
66.6
100.0
100.0
100 0
13.0
20.0
37.2
20.5
3.0
51.6
MM)
'33.3
73.3
100.0
100.0
100.0
100.0
22.8 26.6
15.5
18.0
9.0
3.0
100.0
Grand total.
Grand average..
101 34
10
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TABLE 2.—Control Series
Clinical Classification
 wave Negativity in Deriva¬
tion I and Aberration of the
QRS Complex in all Deri¬
vations:
Hypertension.Chronic myocarditis.
Arteriosclerosis.
Angina pectoris.
Exophthalmic goiter.
Adenoma with hyperthyroid¬
is .
Mitral régurgitation.
Double mitral lesion.
Aortic régurgitation.
Total.
Average...
 wave Negativity in Com¬
bined Derivation 1 and II
and Aberration of the QRS
Complex in all Derivations:
Hypertension.
Chronic myocarditis.
Angina pectoris.
Mitral régurgitation.
Aortic régurgitation.
Aortic aneurysm.
Total.
Average...
 wave Negativity in Com¬
bined Derivation II and III
and Aberration oí the QRS
Complex in all Derivations:
Hypertension.Chronic myocarditis.
Arteriosclerosis.
Angina pectoris.
Mitral régurgitation.
Double mitral lesion.
Aortic régurgitation.
Total.
Average...
 wave Negativity in Com¬
bined Derivations I, II, and
III and Aberration of the
QRS Complex in all Deri¬
vations:
Hypertension.Chronic myocarditis.
Angina pectoris.
Aortic régurgitation.
Total....
Average..
m
17
Sex
5S 32
—
-~
O
Cardiac Deaths
30.7
28.5
50.0
100.0
40.0
18.7
µ—  
•Sou  
2S.5
18.0
12.0
12.0
10 0
48.0
66.6
25.0
7.0
2.0
18.0
Patients Living
57.(i
64.2
100.0
60.0
100.0
100.0
50.0
'  '. 
(,3.3
25.0
66.6
100.0
100 0
10O.O
75.6
100.0
100.0
100.0
100.0
50.0
Grand total.
Grand average..
05
m .o
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were myocardial degeneration associated with hypertension and angina
pectoris, each three cases (17.6 per cent.) ; chronic endocardial valvular
disease with mitral régurgitation and with aortic régurgitation, each two
cases (11.8 per cent.), and myocardial degeneration associated with
arteriosclerosis and chronic endocardial valvular disease with mitral
régurgitation and stenosis, each one case (5.9 per cent.).
B. Cardiac Mortality.—Fifteen patients have been heard from and
TABLE 3.—Summary of the Mortality Statistics in Groups 1, 2 and 3
Clinical Classification
 wave negativity in Derivation I...,
 wave negativity in combined Deri¬
vations I andII.,
 wave negativity in combined Deri¬
vations II andIII.
 wave negativity in combined Deri¬
vations I, II, andIII.
Total....
Average..
Aberration of the QES complex in
all derivations.
 wave negativity in Derivation I
and aberration of the QRS com¬
plex in all derivations.
 wave negativity in combined Deri¬
vations! and II and aberration of
the QBS complex in all deriva
tions.
 wave negativity in combined Deri¬
vations IT and III and aberration
of the QRS complex in all deriva¬
tions.
 wave negativity in combined Deri¬
vations I, II, and III and aberra¬
tion of the QRS complex in all
derivations.
Total....
Average..
«1o o
+3  OSH
ft
115
4»
149
40
7.3
Q
Cardiac Deaths Patients Living
1 8
1)3
19
ft
1)3.1
65.3
32.2
62.5
9·8
50.4
62.9
86.3
95.0
100.0
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äw a
03 OJ.S
•5»  
8...
12.7
11.0
12.7
11.2
Kill
14.2
12.7
ft
3.3.9
34.0
61.7
30.0
45.3
33.3
58
18
eleven (73.3 per cent.) have died of heart disease in one and nine-tenths
years following examination. Four patients (26.6 per cent.) are living
and one is improved, two are unchanged, and one is worse (Table 1).
Fifteen patients in the control group have been heard from and
four (26.6 per cent.) have died of heart disease in an average of
thirteen and one-half months following examination. Nine patients
are living (60 per cent.), three are improved, four are unchanged, and
two are worse (Table 2).
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 WAVE NEGATIVITY IN COMBINED DERIVATIONS I, II, AND III
AND ABERRATION OF THE QRS COMPLEX IN ALL
DERIVATIONS (FIVE CASES )
This group is too small to be of statistical value but is presented
to maintain continuity of data.
A. Clinical Types of Heart Disease.—Myocardial degeneration asso¬
ciated with hypertension occurred in two cases (40 per cent.) and chronic
TABLE 4.—Summary of the Mortality Statistics of the Control Series
in Groups 1, 2 and 3
Clinical Classification
Control Series to
 wave negativity in Derivation I—
 wave negativity in combined Deri¬
vations I andII.
 wave negativity in combined Deri¬
vations II andIII.
 wave negativity in combined Deri¬
vations I, II, andIII.
Total....
Average..
Aberration of the QRS complex in
all derivations.
 wave negativity in Derivation I
and aberration of the QRS com¬
plex in all derivations.
 wave negativity in combined Deri¬
vations 1 and II and aberration of
the QRS complex in all deriva¬
tions.
 wave negativity in combined Deri¬
vations II and III and aberration
of the QRS complex in all deriva¬
tions.
 wave negativity in combined Deri¬
vations I, II, and III and aberra¬
tion of the QRS complex in all
derivations.
Total....
Average..
140
'"- 9
Cardiac Deaths
60 4
12
3Bo
SWA
amo
ses
Patients Living
20.8
17.5
20.0
20.5
22.3
21.5
30.0
28.8
10.8
18.0
19.2
10.2
21.4
18.7 6.7
26.6 13.5
20.3 13.9
28
04.5
72.5
74.5
71.7
70.5
no. 
50.0
eüó
myocarditis, angina pectoris, and chronic endocardial valvular disease
with aortic régurgitation, each one case (20 per cent.).
B. Cardiac Mortality.—All patients have been traced and all have
died of heart disease (100 per cent.), in an average of eleven and one-
tenth months following examination (Table 1).
Four patients in the control series have been heard from and no
cardiac deaths are recorded. Two patients are alive and report their
condition unchanged (Table 2).
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The high and early cardiac mortality attending significant  wave
negativity associated with aberration of the QRS complex in all
derivations is apparent. The association of these electrocardiographic
abnormalities is an index of marked myocardial involvement and is
attended by the greatest mortality in the three studies.
SUMMARY
The cardiac mortality attending significant  wave negativity and
aberration of the QRS complex in all derivations in order of importance
as revealed in this study was :
 wave negativity in combined Derivations I, II and III and aberration of
the QRS complex in all derivations, 86.7 per cent, in 12.7 months. Control
series, 0.
 wave negativity in combined Derivations I and II and aberration of the
QRS complex in all derivations, 95.0 per cent, in 8.5 months. Control series,
18.7 per cent, in 6.7 months.
 wave negativity alone in Derivation I and aberration of the QRS com¬
plex in all derivations, 86.3 per cent, in 8.4 months. Control series, 30.0 per
cent, in 21.4 months.
 wave negativity in combined Derivations II and III and aberration of the
QRS complex in all derivations, 73.3- per cent, in 22.8 months. Control series,
26.6 per cent, in 13.5 months.
Total of group, 86.7 per cent, in 12.7 months. Control series, 26,3 per cent, in
13.9 months.
Tables 3 and 4 have been constructed to summarize the mortality
statistics of the three groups. From the standpoint of prognosis the
electrocardiographic abnormalities rank in order of importance as fol¬
lows : (1) significant  wave negativity associated with aberration of
the QRS complex in all derivations of the electrocardiogram (group
cardiac mortality 86.7 per cent, in twelve and seven-tenths months) ;(2) aberration of the QRS complex in all derivations of the electro¬
cardiogram (group cardiac mortality 62.9 per cent, in fourteen and
two-tenths months), and (3) significant  wave negativity (group
cardiac mortality 50.4 per cent, in eleven and two-tenths months).
These statistics, I hope, will help to allay the scepticism of some
cardiologists regarding the significance of the electrocardiographic
disorders under discussion. The recognition of these graphic changes
alone, I believe, justifies the use of the electrocardiograph as a most
valuable and important clinical adjunct.
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